While probing the vicinity of ompC, a copy of the IS200 insertion element was found between the gyrA and rcsC genes of Salmonella typhi, the causal agent of typhoid fever. This distinctive feature was conserved throughout 63 S. typhi isolates of different geographical origins and was absent from 46 other Salmonella serotypes, including those most associated with human infections, as well as from 19 other enteric bacteria. Furthermore, the location of this IS200 copy corresponds to a constant band, present throughout the 14 PstI S. typhi IS200 fingerprints, encompassing several Vi phage types. Interestingly, an apparently unrelated serotype not frequently associated with human disease, Salmonella weltevreden, contained an IS200 copy at the same position, although it was accompanied by an additional segment of cryptic DNA. On the basis of these findings, PCR assays were designed for molecular typing of S. typhi, and these are potentially useful in studying the epidemiology of typhoid fever.
Typhoid fever (TF) in humans is the clinical manifestation of a systemic infection by Salmonella typhi (official designation, Salmonella enterica serotype typhi), with a global annual incidence rate of 16.6 million cases and 600,000 deaths. Interestingly, the incidence of TF is decreasing, while that of acute gastroenteritis and diarrhea due to nontyphoidal salmonellae is on the rise, with a rate of 1.3 billion cases and 3 million deaths annually (19) . Thus, the ability to distinguish accurately and rapidly S. typhi from nontyphoidal salmonellae should be of value for directing the appropriate health interventions for Salmonella infections.
Because of the high prevalence of antibodies against O and H antigens among healthy individuals in areas where TF is endemic, the Widal test has been of limited value for the diagnosis of TF (16) . The single most sensitive method for isolating S. typhi from TF patients has been the bone marrow aspirate culture, a rather cumbersome and expensive procedure for routine performance on a large scale. On the other hand, blood samples are easier to obtain, although blood cultures are less sensitive and identification of the organism may take several days (9, 12, 25) . Thus, any methods that allow for the concentration of bacteria from biological specimens and the amplification of specific S. typhi nucleotide sequences could be of use for improved diagnosis.
In terms of the nucleotide sequences suitable for the identification of S. typhi, a DNA probe from the capsular viaB locus has been applied for the detection of S. typhi in the blood of TF patients (22) (23) (24) . Moreover, a nested PCR method based on viaB primer sequences has been developed in order to avoid cross-reactivity with the DNA from other bacteria that possess the Vi antigen. In this manner, no amplification of Citrobacter freundii and Salmonella dublin DNA was observed, although cross-reactivity with Salmonella paratyphi C DNA did occur (11) . In the same respect, unique S. typhi sequences in the flagellin fliC gene have been identified (6) and have been used for the detection of S. typhi in the blood of TF patients (5, 30) . Similarly, the detection of S. typhi from food samples by PCR with primers from the 5S-23S rRNA spacer region has been reported (36) .
IS200 is an insertion sequence first described in S. typhimurium LT2 (14) , in which it has a size of 708 bp (8) . It has primarily been found in the Salmonella species, although it can be seen in some strains of other bacteria such as Escherichia coli, Shigella spp., and Yersinia spp. (3, 7, 14, 18, 28) . Wild-type S. typhimurium LT2 has six chromosomal copies of IS200 (15, 27) ; it has been proposed that these elements have been maintained as targets that foster frequent recombination events (10) . Furthermore, the transposition of endogenous elements in Salmonella appears to be infrequent (2, 4) .
Since the initial description of the IS200 element, it has been observed that S. typhi has the greatest number of IS200 insertions, with reported copy numbers of more than 18 (14) , between 10 and 25 (7), at least 13 (34) , or a minimum of 11 (35) . In this respect, 14 fingerprints have been identified among the different S. typhi phage types, with PstI fragments ranging in size from 24.2 to 1.2 kb, with one predominant pattern denominated IS200Sty1 (34, 35) . In contrast, Salmonella typhimurium tends to contain fewer IS200 elements in its genome, varying between 6 and 12 (2, 32) .
Our group has been interested in the structure-function relationship of S. typhi porins and their genes. In particular, while analyzing the structure of the ompC gene, we found that it was highly conserved throughout strains of 11 serotypes of Salmonella (21) . The work described herein was the result of an assessment of the degree of polymorphism in the genomic regions surrounding ompC, and that assessment allowed for the observation of a distinctive band for S. typhi on Southern blots. This band was determined to contain one of the IS200 insertion elements, between the gyrA and rcsC loci, constituting a feature characteristic of S. typhi among various isolates from different geographical regions. The implications for molecular diagnosis are illustrated and discussed.
MATERIALS AND METHODS
Bacterial strains. A total of 193 different strains of Salmonella were tested, including 47 serotypes representing 22 serogroups, and these are listed in DNA biochemistry. Total bacterial and plasmid DNAs were isolated, and specific sequences were cloned by established procedures (26) . DNA was digested to completion by following the instructions of the manufacturer (Boehringer Mannheim, Mannheim, Germany). Digested DNA samples (5 g) were applied to a 1% agarose gel and were separated by electrophoresis in Trisacetate buffer. Southern blots were obtained by blotting the DNA fragments onto a nylon membrane (Boehringer Mannheim) and fixing them with UV light by standard procedures (26) . The filters were incubated for 2 h at 42°C in a prehybridization solution containing 50 mM Tris-HCl (pH 7.5), 0.1 mg of salmon sperm DNA per ml, 10ϫ Denhardt's solution (0.2% Ficoll, 0.2% polyvinylpyrrolidone, 0.2% bovine serum albumin), 5ϫ SSC (0.75 M NaCl, 0.075 M sodium citrate), and 35% formamide. Hybridization with the radioactive probes (10 6 cpm per lane) was done in a solution containing all of the components listed above plus 1 mM EDTA and 0.1% sodium dodecyl sulfate (SDS) for 16 h at 42°C. Afterward, the filters were washed at room temperature in 2ϫ SSC-0.1% SDS; on occasion, they were subjected to an additional, more stringent wash at 65°C in 0.1ϫ SSC-0.1% SDS for 30 min to 1 h. They were then dried and subjected to autoradiography.
DNA probes were labeled with [␣-32 P]dCTP to 10 9 cpm/g with the Multiprime Labelling System (Amersham International, Inc.); the DNA bands excised from the agarose gels were purified with a Glass Max DNA Isolation Spin Cartridge System (Gibco BRL).
Nucleotide sequence analysis. Sequencing of various fragments from plasmid pFS80 and PCR products encompassing the gyrA-rcsC intergenic region was performed by using the double-stranded DNA Cycle Sequencing System (Gibco BRL) by following the manufacturer's instructions. The sequences were analyzed and compared by using EMBL database entries and the GeneWorks Program (IntelliGenetics, Inc.).
PCR amplification of DNA. PCRs were performed with 0.05 g of DNA in a final volume of 50 l containing deoxynucleotide triphosphates (0.1 mM each), oligonucleotides (25 M each), 1.5 mM MgCl 2 , 1.25 U of Taq DNA polymerase (Boehringer Mannheim), and the buffer supplied with the enzyme. Amplification was performed as follows: denaturation at 95°C for 5 min; 30 cycles of 92°C for 1 min, 50°C for 40 s (58°C for S. weltevreden DNA), and 72°C for 2 min; and finally, one cycle of 72°C for 10 min. The three oligonucleotides used for amplification were primer A (5Ј-GGTGCGTACCCGAGTGTCTG-3Ј), primer B (5Ј-GACGGTTAGTCCTTTTGCGCCAA-3Ј), and primer C (5Ј-CTAGGCTGGG GGTTCCGGAAAGC-3Ј).
Nucleotide sequence accession number. The nucleotide sequence of the S. typhi IS200 element (between gyrA and rcsC) plus a partial sequence of the neighboring genes was deposited in the EMBL nucleotide sequence database under accession no. X91136.
RESULTS
Identification of an IS200 element between gyrA and rcsC. Recombinant phage VFC1 DNA containing a genomic insert harboring the S. typhi ompC gene and surrounding regions (ca. 12 kb) (20) was labeled with 32 P and hybridized to a Southern blot containing DNA from various Salmonella isolates digested with the restriction endonuclease EcoRV. This enzyme was chosen because it provides a known 2.1-kb band which contains ompC (20, 21) . As can be seen in Fig. 1A , aside from the band for ompC, there is another prominent conserved hybridization band at 3.0 kb, and a major band of 4.2 kb is present in most samples. Interestingly, a unique, prominent band at 3.5 kb (Fig.  1A , thick arrow) was observed in S. typhi; this suggested the presence of an additional sequence in this region. Furthermore, VFC1 DNA was hybridized to Salmonella DNA digested with BglII, revealing an expected conserved 3.0-kb band containing ompC (20) and a 7.2-kb band in S. typhi which was not present in Salmonella gallinarum or S. typhimurium, both of which showed a 6.5-kb band (Fig. 1B) . Likewise, other restriction enzymes consistently showed a larger band for S. typhi compared with those for the other Salmonella spp. (data not shown). Because no obvious restriction fragment length polymorphism (RFLP) was evident, the cloning and further characterization of the S. typhi BglII band from VFC1 DNA was undertaken in a search for the possible presence of an additional segment of DNA in S. typhi.
Plasmid pFS80 was generated by cloning this 7.2-kb S. typhi BglII DNA fragment from VFC1 into pBR322 ( Fig. 2A) . To map the region that was producing the distinct hybridization pattern in S. typhi, probes I, II, and III (shown in Fig. 2A ) were generated from pFS80 DNA by digestion with the appropriate restriction endonucleases and were purified by preparative agarose gel electrophoresis for use in Southern blot hybridization. Probe II yielded the characteristic 3.5-kb EcoRV hybridization band in S. typhi and the 3.0-kb band in most other serotypes (Fig. 3A) , whereas probe I rendered a 3.0-kb band in all serotypes upon washing and rehybridization of the same filter (Fig. 3B) . Probe III revealed the 4.2-kb band in S. typhi and in most Salmonella serotypes tested, while some others revealed an RFLP (data not shown). Therefore, whereas S. typhi presents 3.5-and 3.0-kb bands with EcoRV, S. typhimurium, S. gallinarum, and S. dublin have 3.0-kb doublets. Probe II was further digested with PstI, and the two resulting products were cloned in pUC18 and pUC19 for sequencing of the ends of each fragment. Comparison of these sequences with the bacterial nucleotide sequences present in the EMBL data bank revealed that probe II encompassed the entire rcsC gene plus an additional upstream sequence highly homologous to the IS200 element. On the basis of this result, we decided to sequence the right end of probe III and found that it comprised the 3Ј end of the gyrA gene.
PCR primers A and B ( Fig. 2A and B) , corresponding to the 3Ј portion of gyrA and the 5Ј portion of rcsC, respectively, were designed to amplify and sequence the intergenic region containing the S. typhi IS200 homologous sequence and the corresponding regions in S. typhimurium and S. gallinarum ( Fig.  2B and C) . Comparison of these nucleotide sequences allowed for the identification of an IS200 element located in S. typhi between gyrA and rcsC (Fig. 2) . The equivalent regions in S. typhimurium and S. gallinarum do not contain an IS200 element ( Fig. 2B and C) , and E. coli has an open reading frame, pufYЈ (EMBL accession no. Y00544), of unknown function immediately downstream of gyrA plus a cluster of several genes comprising ca. 20 kb prior to rcsC, according to the ECDC map from positions 45 to 50 (13) (Fig. 2C) . In addition and interestingly, the rcsC genes from S. typhi, S. typhimurium, and S. gallinarum contain a TTA codon for leucine at the equivalent position for the proposed initial ATG methionine codon in E. coli (33) (EMBL accession no. M28242) (Fig. 2C) : the relevance of this feature is unknown.
Taking all of these observations together, we conclude that several of the minor hybridization bands observed in S. typhi and S. typhimurium (Fig. 1A and 3A) should correspond to the hybridization of a portion of IS200 contained in probe II with multiple copies of IS200 present in the chromosomes of these bacteria (2, 32, 34, 35) .
The S. typhi IS200 element, located between gyrA and rcsC, has 96, 89, and 84% sequence identities with IS200 elements from S. typhimurium (EMBL accession no. X56834), E. coli (EMBL accession no. L25844), and Yersinia pestis (EMBL accession no. U22457), respectively.
Specificity and conservation of gyrA-IS200-rcsC. The presence or absence of the 3.5-kb EcoRV hybridization band comprising gyrA-IS200-rcsC among the salmonellae was ascertained by hybridizing probe II to Southern-blotted DNA from a panel of 193 
FIG. 2. (A)
Partial physical map of plasmid pFS80 carrying the S. typhi genomic 7.2-kb BglII fragment cloned into the BamHI site of pBR322. Some of the restriction enzyme sites are shown, as is the location of the IS200 element between the gyrA and rcsC genes. The roman numerals indicate the three probes used to define the fragment order and to determine the location of the insertion element. (B) Localization of IS200 between gyrA and rcsC in S. typhi compared to the same genomic region in S. typhimurium (Stm) or S. gallinarum (Sga), which lack IS200. The oligonucleotides used for PCR amplification are indicated by small arrows (labeled A, B, and C). (C) Nucleotide sequence surrounding the IS200 insertion site in S. typhi (Sty) as well as in the corresponding regions in S. typhimurium (the same as in S. gallinarum) and E. coli (Eco); the latter possesses at this site ca. 20 kb of genetic material comprising several genes. In addition, the termination codon for gyrA is shown toward the left in boldface type. The proposed ATG initiation codon for E. coli rcsC is also shown to the right in boldface type; the corresponding sites in S. typhi and S. typhimurium (S. gallinarum) have a TTA codon instead. able by 10 different laboratories throughout the world (Table  1 ). All 63 S. typhi isolates had the 3.5-kb band (see Table 1 and the results of a representative experiment in Fig. 4) . Most other serotypes presented a 3.0-kb band, while a few others had either a 3.4-or a 2.6-kb hybridization band (see Table 1 and the results of a representative experiment in Fig. 5) . A variety of bands between 1.8 and 3.0 kb was observed in Salmonella arizonae, similar to the previously observed RFLP upon hybridization with ompC (21) . Interestingly, the only non-S. typhi serotype that presented a 3.5-kb band was Salmonella weltevreden, and this was found in all 18 isolates tested (Table 1) . On the other hand, when probe II was hybridized to DNA from several enteric bacteria (see Materials and Methods) cut with EcoRV, a wide array of hybridizing bands was observed; these were of much lower and various intensities compared to what was seen with the salmonellae. In addition, none of these bands hybridized to IS200 (data not shown).
Specific identification of S. typhi by PCR. In order to further explore the attributes of the gyrA-IS200-rcsC region, PCR assays were performed with genomic DNA samples from various salmonellae by using several combinations of oligonucleotide primers. The results of a representative experiment are presented in Fig. 6 . Oligonucleotides A and B prime from within gyrA and rcsC, respectively ( Fig. 2A and B ; see Materials and Methods), thus rendering a 0.8-kb band in all non-S. typhi 
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on November 6, 2017 by guest http://jcm.asm.org/ salmonellae except S. weltevreden, which presented a 2.9-kb band (Fig. 6A) . DNA from serotypes which had shown a 3.4-kb EcoRV hybridizing band with probe II, such as Salmonella brookfield and Salmonella camdeni, presented a 0.8-kb PCRamplified band; this indicated that there was no additional sequence between gyrA and rcsC and that the 3.4-kb band was the result of an RFLP. In contrast, all S. typhi isolates showed a characteristic 1.5-kb band due to the added presence of the IS200 element in this region. On a Southern blot of this gel, only the S. typhi and S. weltevreden bands hybridized with the S. typhi IS200 element (data not shown).
Oligonucleotides B and C prime from within the rcsC and the IS200 element, respectively ( Fig. 2A and B ; see Materials and Methods). Consequently, they render a PCR-amplified band of 1.2 kb only in S. typhi and not in the other salmonellae, which showed no amplified band. The exception was S. weltevreden, which gave a 2.6-kb band (Fig. 6B) . The nucleotide sequence of 300 bp on each side of this 2.6-kb band was obtained, hence confirming the presence in S. weltevreden of an IS200 element immediately downstream of gyrA, followed by a cryptic sequence of ca. 1.4 kb with no significant homology in the data bank (data not shown). Thus, the characteristic 3.5-kb EcoRV band in S. weltevreden appears to be the result of a coincidental location of restriction sites.
Localization of gyrA-IS200-rcsC in PstI fingerprints. With the aim of locating the gyrA-IS200-rcsC sequence on previously generated IS200 S. typhi PstI fingerprints (34, 35) , DNAs from several S. typhi isolates were digested with PstI, Southern blotted, and hybridized with a PCR-amplified S. typhi IS200 probe in order to reproduce the IS200 ladder (Fig. 7A) . After washing, the blot was rehybridized to a gyrA-rcsC probe derived by PCR from S. typhimurium, which contains highly homologous genes without the IS200 element (Fig. 7B) . From the experiment whose results are presented in Fig. 7 , it can be observed that the gyrA-IS200-rcsC element is present in a high-molecular-size band of 16.4 kb that is constant in the strains tested and also throughout the 14 previously established S. typhi fingerprints (34, 35) . In this experiment, most strains possessed the IS200Sty1 fingerprint, considered to be the archetypal, while one strain (strain MK20) showed the IS200Sty13 pattern. This observation further corroborates the constant presence of IS200 between gyrA and rcsC in S. typhi.
DISCUSSION
Since the initial finding of the IS200 insertion element in Salmonella (14) , the observation was made that there are variable numbers of copies of IS200 in the genome, depending upon the Salmonella serotype. Thus, S. typhi has been recognized as the serotype that contains the most abundant numbers of copies, anywhere between 10 and 25 (7, 14, 34, 35) . In contrast, since the beginning, S. typhimurium has been considered to have an intermediate number of copies, between 6 and 12, depending on the strain (2, 14, 32), while S. gallinarum has only 1 to 4 copies of IS200 (7). The basis for the variable number of IS200 copies in the genome has not been elucidated.
For S. typhimurium LT2, it has been proposed that its evenly distributed six copies of IS200 promotes duplication by recombination (10) and that their transposition is rather infrequent (2, 4) . On the other hand, it has been observed that the S. typhi genome is rather plastic and is amenable to transpositions and inversions, although not to duplications and deletions, as a result of recombination events between the rrn loci (17). Similarly, no duplications between IS200 elements have been observed in wild-type S. typhi strains (17) . With respect to Y. pestis, it has been described that the IS200 element abolishes the production of invasin by disrupting the central region of the inv gene (28) .
By probing DNA from 193 Salmonella isolates encompassing 47 serotypes and including many of medical relevance, we have observed the presence of one of the copies of the IS200 element between the gyrA and rcsC genes of S. typhi, a feature not found in nontyphoid Salmonella with the exception of S. weltevreden (Table 1 ; Fig. 2 and 4 to 6) . Interestingly, even though the strains were from 11 different laboratories, we observed no variation within a given serotype except for S. arizonae. Namely, the S. typhi isolates, which were from different geographical regions, encompassing collections from Mexico, Indonesia, Switzerland, Malaysia, and Australia, showed a constant location of this IS200 copy throughout the 63 strains tested (Table 1 ; Fig. 4 and 7 ).
An interesting observation has been the finding of a copy of IS200 plus 1.4 kb of additional DNA between S. weltevreden gyrA and rcsC; this was seen in 18 different isolates from two laboratories ( Table 1) . S. weltevreden belongs to a serogroup different from that of S. typhi, and no obvious evolutionary correlation between both serotypes has been made. S. weltevreden has been found in a wide variety of geographical sites and is not host restricted, because it has been isolated from humans during severe gastroenteritis outbreaks in India as well as from a variety of animals, not to mention environmental sources such as sewage and water (29, 31 ). An outbreak of keratoconjunctivitis in a guinea pig colony due to S. weltevreden has also been reported (1) . It still remains a puzzle why the site between gyrA and rcsC has been amenable for IS200 insertions in two different Salmonella serotypes.
The significance of having such a constant distribution of IS200 sequences throughout the S. typhi genome also remains an open question. Whether IS200 influences the expression of neighboring genes, contributes to the plasticity of the chromosome by promoting recombination events, or has any other biological role in S. typhi should be a matter of further research. On the other hand, this particular feature of the Salmonella genome could be used for molecular taxonomy and epidemiology, because it allows for the differentiation of S. typhi from nontyphoidal salmonellae ( Fig. 5 and 6 ).
